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Background and purpose — Recent evidence has questioned the 
effect of arthroscopic knee surgery for middle-aged and older 
patients with degenerative meniscal tears with or without con-
comitant radiographic knee osteoarthritis (OA). We investigated 
the prevalence of early or more established knee OA and patients’ 
characteristics in a cohort of patients undergoing arthroscopic 
surgery for a meniscal tear.
Patients and methods — 641 patients assigned for arthroscopy 
on suspicion of meniscus tear were consecutively recruited from 
February 2013 through January 2015. Of these, 620 patients 
(mean age 49 (18–77) years, 57% men) with full datasets available 
were included in the present study. Prior to surgery, patients com-
pleted questionnaires regarding onset of symptoms, duration of 
symptoms, and mechanical symptoms along with the knee injury 
and osteoarthritis outcome score (KOOS). At arthroscopy, the 
operating surgeon recorded information about meniscal pathol-
ogy and cartilage damage. Early or more established knee OA 
was defined as the combination of self-reported frequent knee 
pain, cartilage damage, and the presence of degenerative menis-
cal tissue.
Results — 43% of patients (269 of 620) had early or more estab-
lished knee OA. Of these, a large proportion had severe cartilage 
lesions with almost half having a severe cartilage lesion in at least 
1 knee compartment.
Interpretation — Based on a definition including frequent knee 
pain, cartilage damage, and degenerative meniscal tissue, early or 
more established knee OA was present in 43% of patients under-
going knee arthroscopy for meniscal tear.

Arthroscopic surgery is widely used to treat meniscal tears 
in middle-aged and older adults (Cullen et al. 2009, Kim et 
al. 2011, Thorlund et al. 2014, Hamilton and Howie 2015). A 
recent registry-based study including information from plain 
radiographs, MRI, and arthroscopy found that about one-third 
of knee arthroscopies in Sweden were performed on patients 
with degenerative meniscal tears and/or osteoarthritis (Berg-
kvist et al. 2016). This is despite the fact of systematic reviews 
reporting no added benefit of surgery over that of placebo or 
additional effect of surgery in addition to exercise therapy 
for patients with early signs of knee osteoarthritis (OA) (i.e. 
degenerative meniscal tear) or radiographic knee osteoarthritis 
(Khan et al. 2014, Thorlund et al. 2015). Degenerative menis-
cal tears and knee OA are very common in the general middle-
aged and elderly population (Englund et al. 2008, Pereira et 
al. 2011). The proportion of middle-aged and older patients 
being treated with arthroscopic surgery in Denmark is high, 
and has been reported to have increased in the period between 
2000 and 2011 (Thorlund et al. 2014, Hare et al. 2015). This 
suggests similar patterns of practice in Denmark and Sweden.
Factors such as onset of symptoms (i.e. traumatic vs. non-
traumatic) and the presence of “mechanical symptoms” are 
considered important indications for surgery in the middle-
aged and elderly population (Stuart and Lubowitz 2006, Jev-
sevar et al. 2014, Krych et al. 2014, Lee et al. 2014). Further-
more, specific types of tear patterns have been suggested to be 
typical of degenerative and traumatic meniscal tears (Poeh-
ling et al. 1990, Englund et al. 2008, Bergkvist et al. 2016). 
Detailed information about meniscal tear pattern and other 
knee pathology collected at arthroscopy can help characterize 
patients who undergo meniscal surgery. 
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The aim of this study was to investigate the prevalence of 
early and more established knee OA in a cohort of patients 
undergoing surgery for a meniscal tear. We also wanted to 
investigate possible differences in meniscal pathology such as 
pattern of tear, cartilage damage, and pattern of symptoms in 
patients with and without early or more established knee OA.
Patients and methods
Participants
This study included participants from the Knee Arthroscopy 
Cohort, Southern Denmark (KACS) (Thorlund et al. 2013). 
KACS was a prospective cohort study following patients 
undergoing knee arthroscopy for a meniscal tear who were 
recruited at 4 public hospitals in Denmark between February 
1, 2013 and January 31, 2014 and also at 1 of the 4 hospitals in 
the period from February 1, 2014 to January 31, 2015. 
The inclusion criteria were as follows: being ≥ 18 years 
of age, being assigned to knee arthroscopy on suspicion of a 
meniscal tear by an orthopedic surgeon (i.e. based on clinical 
examination, history of injury, and MRI result if available), 
being able to read and understand Danish, and having an 
e-mail address. 
The exclusion criteria were: having no meniscal tear at sur-
gery, having previous or planned anterior or posterior cruciate 
ligament (ACL or PCL) reconstruction surgery in either knee, 
having had fracture(s) in the lower extremities within the 6 
months before recruitment, or not being able to reply to the 
questionnaire because of mental impairment.
Patient-reported outcomes
Information about patient characteristics and symptoms was 
collected using online questionnaires at a median of 7 (IQR: 
3–10) days before surgery. 
Symptom duration, symptom onset, and mechanical symptoms
Prior to surgery, the patients answered the following ques-
tions concerning the duration of symptoms and the type of 
onset of symptoms: “How long have you had your knee pain/
knee problems for which you are now having surgery?” (with 
response options ranging from “0–3 months” to “more than 
24 months”), “How did the knee pain/problems for which you 
are now having surgery develop? (choose the answer that best 
matches your situation)” (with response options “The pain/
problems have slowly developed over time”, “As a result of 
a specific incident (i.e. kneeling, sliding, and/or twisting of 
the knee or the like)”, and “As a result of a violent incident 
(i.e. during sports, a crash, or a collision or the like)”). Fur-
thermore, the patients reported the presence and frequency of 
mechanical symptoms (i.e. the sensation of catching or lock-
ing of the knee): “How often have you experienced catching 
or locking of the knee that is about to undergo surgery?” (with 
response options ranging from “never” to “daily”).
Knee injury and osteoarthritis outcome score (KOOS) 
Patients completed the KOOS, which is a knee-specific 
questionnaire used to assess patient-reported outcomes. The 
KOOS consists of 5 subscales: pain, symptoms, activities of 
daily living (ADL), sport and recreation function (Sport/Rec), 
and knee-related quality of life (QoL) (Roos et al. 1998b). 
Each subscale ranges from 0 to 100 points, with 0 representing 
extreme knee problems and 100 representing no knee prob-
lems. The KOOS is intended to be used for patients with knee 
injuries that can result in posttraumatic OA—i.e. meniscus 
injury, ACL injury, chondral injury etc. (Roos et al. 1998b). 
The KOOS has been validated in several populations, includ-
ing patients undergoing arthroscopic meniscal surgery (Roos 
et al. 1998a, b, Roos et al. 1999, Roos and Toksvig-Larsen 
2003), and to assess self-reported outcomes in this group of 
patients (Herrlin et al. 2007, Herrlin et al. 2013).
Structural pathology at arthroscopy
Information about meniscal pathology (i.e. meniscal tissue 
quality, compartment, tear pattern, radial location, and type of 
surgery) and cartilage damage was recorded by the operating 
surgeon at arthroscopy. Meniscal tears were classified using a 
modified version of the International Society of Arthroscopy, 
Knee Surgery and Orthopaedic Sports Medicine (ISAKOS) 
classification of meniscal tears (Anderson et al. 2011) and car-
tilage lesions were classified using the International Cartilage 
Repair Society (ICRS) grading system (Brittberg and Winal-
ski 2003). The ICRS cartilage score ranges from 0 to 4 with 0 
representing normal cartilage and 4 representing very severe 
cartilage lesions. Information registered by surgeons on the 
modified ISAKOS questionnaire was transferred from paper 
format to electronic format using automated forms processing. 
This method has been validated as an alternative to double 
entry of data (Paulsen et al. 2012). If more than one meniscal 
tear was present, the largest one was used for analysis.
Presence/absence of early or more established knee OA
Early or more established knee OA, based on findings at arthros-
copy and patient symptoms, was determined using a modified 
algorithm proposed by Luyten et al. (2012), with the aim of 
identifying only those with early knee OA. In this study, we 
included patients who were considered to have early knee OA 
and those who had more severe cartilage damage—and there-
fore considered to have more established knee OA. In this study, 
we defined the presence of early or more established knee OA 
as the combination of frequent knee pain (“daily” or “always” 
using a single item from the KOOS pain subscale), degenera-
tive meniscal tissue (assessed by the surgeon), and cartilage 
damage (i.e. ICRS grade I in at least 2 knee joint compartments 
or at least ICRS grade II in 1 compartment). For the latter, all 
single ICRS scores for each knee joint compartment were added 
together to give a total ICRS score. We also calculated the pro-
portion of patients with a combination of traumatic symptoms 
and non-degenerative meniscus tissue at arthroscopy.
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Statistics
Descriptive statistics are given as means and standard devia-
tion (SD), medians with interquartile range (IQR), or num-
bers with percentages as appropriate. Differences in patient 
characteristics between patients with and without knee OA 
were tested using unpaired t-test, chi-squared test, or Fisher’s 
exact test as appropriate. Stata 14.1 was used for all statistical 
analyses and any p-value of 0.05 or less was considered to be 
statistically significant. 
Ethics
All the patients provided written informed consent to partici-
pate in the study, even though the Regional Scientific Ethics 
Committee of Southern Denmark waived the need for ethical 
approval after reviewing the outline of KACS (Thorlund et al. 
2013). 
Results
641 patients constituted the baseline sample of the KACS 
cohort (i.e. replied to the preoperative questionnaire and had 
a meniscal tear at surgery) (Figure 1). Of these patients, 97% 
had full datasets available for analysis on the prevalence of 
early or more established knee OA. The 21 patients who were 
excluded due to missing data on categorization as having knee 
OA were similar in terms of age, body mass index (BMI), and 
sex distribution (data not shown).
Early or more established knee OA (as defined) was present 
in 43% of the patients (Figure 2). Of those patients with no 
knee OA, only 36 did not have any of the features included 
in the algorithm to define early or more established knee OA. 
On average, the patients with early or more established knee 
OA were older and slightly heavier than the patients without 
OA (Table 1). 15% of patients reported having a traumatic 
symptom onset in combination with having non-degenerative 
meniscal tissue quality. 
About half of all patients reported having had symptoms for 
6 months or less, which did not differ significantly between 
those with early or more established knee OA and those with-
out knee OA. Mechanical symptoms were more frequent in 
patients with early or more established knee OA than in those 
without knee OA (Table 2). The majority of patients without 
knee OA had non-degenerative meniscal tissue. Longitudinal-
vertical tears were also more prevalent in those patients than in 
Patients invited to participate
in the KACS study
n = 1,259




Patients with full dataset at
baseline assessment and
meniscal tear at surgery
n = 641
Patients with full dataset for
defining early or more
established knee OA
n = 620
Excluded (n = 348):
– no reply prior to surgery, 145
– previous ACL/PCL surgery, 119
– fracture on lower extremities less
   than 6 months before surgery, 5
– no email address, 18
– no time to participate, 8
– did not understand Danish, 2
– not mentally able to reply, 1
– no reason, 47
Excluded (n = 58):
– surgery cancelled, 39
– re-scheduled to surgery at other
   hospital, 19
Excluded (n = 212):
– no meniscal tear at surgery, 212
Excluded (n = 21):
– missing data for meniscal tissue, 3
– missing data for cartilage, 18
Figure 1. Flow chart of inclusion.
Figure 2. Venn diagram with propor-
tion of early or more established knee 
OA defined by presence of frequent 
knee pain, degenerative meniscal 
tissue, and total International Carti-
lage Repair Society (ICRS) score.
Table 1. Patient characteristics
 Patients with Patients without
 knee OA (n = 269) knee OA (n = 351) 
Variables  range  range p-value
     
Age, years (SD) 57 (9.1) (29–77) 44 (13) (18–76) < 0.001
Female sex, n (%) 132 (49)  135 (39)  0.008
Height, cm (SD) 174 (9.1) (155–200) 176 (9.4) (152–201) 0.002
Weight, kg (SD) 86 (17) (50–149) 83 (15) (48–135) 0.03
BMI (SD) 28 (4.7) (20–47) 27 (4.0) (19–44) < 0.001
     
OA: osteoarthritis.
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the group with early or more established knee OA, which—in 
contrast—had a higher prevalence of complex tears (Table 3). 
Of those patients with early or more established knee OA, 
only 5% had the minimum required total ICRS score of 2, 
corresponding to minor cartilage abnormalities. The majority 
of patients had severe cartilage lesions (i.e. total ICRS score 
of 7 or higher). This corresponded to 1 severe cartilage lesion 
(ICRS cartilage score of ≥ 3) in at least 1 knee joint compart-
ment (Table 4).” 
Discussion
In this consecutively recruited observational cohort, we found 
that 43% of patients undergoing meniscal surgery had signs 
of early or more established knee OA based on a definition 
including frequent knee pain, presence of cartilage damage, 
and degenerative meniscal tissue. Patients with early or more 
established knee OA had a higher prevalence of complex 
meniscal tears, more severe cartilage defects, and reported 
more pronounced pain, symptoms, and impaired function than 
patients without knee OA. 
Most arthroscopic meniscal surgery is carried out in middle-
aged and elderly patients (Cullen et al. 2009, Lazic et al. 2014, 
Thorlund et al. 2014), who typically present with slowly devel-
oping symptoms or onset of symptoms after minor trauma 
(Poehling et al. 1990, Englund et al. 2008, Bergkvist et al. 
2016). Most of these patients have degenerative meniscal tears 
(Thorlund et al. 2014, Bergkvist et al. 2016), a condition asso-
ciated with incipient knee OA in the middle-aged and elderly 
Table 2. Description of patient symptoms 
   
 Patients with  Patients without
 knee OA knee OA
Variables  (n = 269) (n = 351) p-value
   
Duration of symptoms, n (%)   0.2
 0–3 months   48 (18)   76 (22) 
 4–6 months   90 (33)   87 (25) 
 7–12 months   53 (20)   76 (22) 
 13–24 months   37 (14)   55 (16) 
 > 24 months   41 (15)   57 (16) 
Symptom onset, n (%)   < 0.001
 Slowly developed over time 110 (41)   89 (25) 
 Semi-traumatic 116 (43) 135 (38) 
 Traumatic   43 (16) 127 (36) 
Mechanical symptoms a, n (%)   0.02
 Never 139 (52) 164 (47) 
 Monthly   31 (11)   71 (20) 
 Weekly   22 (8)   27 (8) 
 Several times a week   35 (13)   52 (15) 
 Daily   42 (16)   37 (11) 
Frequent knee pain b, n (%)   < 0.001
 Never     0     9 (3) 
 Monthly     0   28 (8) 
 Weekly     0   70 (20) 
 Daily 208 (77) 193 (55) 
 Always   61 (23)   51 (15) 
KOOS scores, mean (95% CI)   
 Pain   49 (47–51)   59 (57–61) < 0.001
 Symptoms   56 (54–59)   63 (61–65) < 0.001
 ADL   57 (55–60)   69 (67–71) < 0.001
 Sport/Rec   21 (19–23)   30 (28–33) < 0.001
 QoL   40 (38–42)   43 (41–45) 0.02
     
OA: Osteoarthritis; ADL: activities of daily living; 
Sport/Rec: sport and recreational activities.
a The sensation of catching or locking of the knee.
b Single item from the KOOS pain subscale.
Table 3. Knee pathology at arthroscopy 
 Patients with  Patients without
  knee OA knee OA
Variables  (n = 269) (n = 351) p-value
   
Type of surgery, n (%)   < 0.001
    Resection 269 (100) 311 (89) 
    Repair    0 (0)   33 (9) 
    Both    0 (0)     7 (2) 
Meniscal tissue quality, n (%)   < 0.001
    Non-degenerative     0 (0) 245 (70) 
    Degenerative 269 (100)   86 (24) 
    Undetermined     0 (0)   20 (6) 
Compartment, n (%)   0.07
    Medial 208 (77) 253 (72) 
    Lateral   35 (13)   70 (20) 
    Both   26 (10)   28 (8) 
Tear pattern, n (%)   < 0.001
    Longitudinal-vertical a   16 (6) 101 (29) 
    Horizontal   27 (10)   15 (4) 
    Radial   16 (6)   25 (7) 
    Vertical flap   65 (24)   77 (22) 
    Horizontal flap   11 (4)   18 (5) 
    Complex 107 (40)   68 (19) 
    Root tear     1 (0)     1 (0) 
    More than 1 tear pattern   26 (10)   46 (13) 
Radial location b, n (%)   0.3
    Posterior 192 (71) 214 (62) 
    Posterior + mid-body   38 (14)   65 (19) 
    Posterior + anterior     1 (1)     1 (0) 
    Mid-body   19 (7)   35 (10) 
    Anterior + mid-body     3 (1)     6 (2) 
    Anterior     9 (3)   11 (3) 
    All     7 (3)   15 (4) 
ICRS cartilage grade, n (%)   
  Medial compartment   < 0.001
    Grade 0     6 (2) 172 (49) 
    Grade 1   58 (22)   88 (25) 
    Grade 2   68 (25)   48 (14) 
    Grade 3 103 (38)   36 (10) 
    Grade 4   34 (13)     7 (2) 
  Lateral compartment   < 0.001
    Grade 0   48 (18) 215 (61) 
    Grade 1 106 (39) 100 (28) 
    Grade 2   67 (25)   25 (7) 
    Grade 3   36 (13)     9 (3) 
    Grade 4   12 (5)     2 (1) 
  Patellofemoral compartment   < 0.001
    Grade 0   24 (9) 204 (58) 
    Grade 1   82 (30)   85 (24) 
    Grade 2   70 (26)   34 (10) 
    Grade 3   66 (25)   23 (7) 
    Grade 4   27 (10)     5 (1) 
   
OA: osteoarthritis; ICRS: International Cartilage Repair Society.
a
 Extension is a bucket handle tear.
b Missing data for patients without OA (n = 4).
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population (Englund 2008, Englund et al. 2009). At least one-
third of knee arthroscopies in Sweden are performed on patients 
with degenerative meniscal tears and/or radiological (i.e. radio-
graphic or MRI-based) knee OA (Bergkvist et al. 2016). We 
found in this study that there was early or more established 
knee OA in 43% of patients. Only 15% of patients reported 
having traumatic symptoms and had a non-degenerative menis-
cus lesion in an otherwise healthy meniscus, indicative of a 
“true” traumatic tear. Our findings should be interpreted in the 
light of recent systematic reviews of randomized trials (Khan 
et al. 2014, Thorlund et al. 2015), reporting no added benefit 
of surgery over that of placebo or additional effect of surgery 
in addition to exercise therapy. The finding of no added benefit 
was consistent in middle-aged and older patients in the entire 
continuum from patients with degenerative meniscal tears and 
no radiographic knee OA to patients with severe radiographic 
knee OA, i.e. patients similar to those with early or more estab-
lished knee OA in the present study.
The presence of mechanical symptoms is often said to be 
an important indication for knee arthroscopy, especially in 
middle-aged and elderly patients (Stuart and Lubowitz 2006, 
Jevsevar et al. 2014, Krych et al. 2014, Lee et al. 2014). We 
found that about half of all patients reported having mechani-
cal symptoms (i.e. the sensation of catching and/or locking 
of the knee), with a higher frequency in patients with early 
or more established knee OA than in those without knee OA. 
Importantly, a recent secondary analysis of a randomized trial 
found no added benefit of arthroscopic surgery over sham 
surgery in relieving self-reported mechanical symptoms (Sih-
vonen et al. 2016a). Furthermore, an observational study of 
more than 900 patients undergoing arthroscopic partial men-
iscectomy for degenerative meniscal tears did not find better 
improvement in self-reported pain or quality of life in patients 
with mechanical symptoms than in those without mechanical 
symptoms (Sihvonen et al. 2016b). These findings call into 
question self-reported mechanical symptoms as an important 
indication for meniscal surgery in middle-aged and elderly 
patients.
In the non-degenerative meniscus, longitudinal-vertical 
(i.e. bucket handle) tears are more prevalent and are usually 
observed in younger active individuals, and can be attributed 
to a specific incident (e.g. sports-related trauma) (Poehling et 
al. 1990, Bergkvist et al. 2016), whereas complex tears and 
horizontal tears are more often observed in the degenerative 
meniscus, typically in the middle-aged and older popula-
tion (Poehling et al. 1990, Englund et al. 2008, Bergkvist et 
al. 2016). In general, our study confirms these observations. 
However, despite the fact that substantially more patients had 
a traumatic symptom onset among those without knee OA 
than among those with early or more established knee OA, the 
duration of symptoms was not significantly different between 
the 2 groups. 
We cannot rule out the possibility of misclassification and 
thereby over- or underestimation of the prevalence of early or 
more established knee OA in our cohort of patients undergo-
ing meniscal surgery. In addition to the criteria suggested by 
Luyten et al. (2012) to identify patients with early knee OA, 
we also included the concomitant presence of degenerative 
meniscal tissue together with a more strict pain criterion (i.e. 
daily knee pain as opposed to at least 2 episodes of knee pain 
for > 10 days within the previous year) to increase specificity 
and minimize representation of patients with traumatic car-
tilage damage. Thus, we believe that the criteria used in our 
study were more likely to underestimate than overestimate the 
prevalence of early or more established knee OA. Female sex, 
higher age, overweight, and complex tears were more preva-
lent in those with early or more established knee OA than in 
those without knee OA. These factors have previously been 
associated with knee OA (Poehling et al. 1990, Lawrence et 
al. 2008, Zakkak et al. 2009, Bergkvist et al. 2016), support-
ing the ability of our criteria to discriminate between patients 
with and patients without early or more established knee OA.
We did not have information about the presence/absence of 
radiographic knee OA, which could have been useful to com-
pare the construct of “more established knee OA” to radio-
graphic knee OA. 
We consider our results to be applicable to the general popu-
lation of patients undergoing meniscal surgery in Denmark, 
since patients were included consecutively at 4 public hospi-
tals, there were limited exclusion criteria, and there were few 
missing data on the patients. Furthermore, the demographics 
of the patients included—with regard to sex and age—are sim-
ilar to what has been reported for patients undergoing menis-
cal surgery in Denmark (Thorlund et al. 2014). 
In summary, using criteria to define early or more established 
knee OA that included the presence of cartilage damage and 
degenerative meniscal tissue scored at arthroscopy, together 
with frequent knee pain reported by the patient (i.e. daily or 
always), we found that early or more established knee OA was 
present in 43% of patients in our cohort who underwent knee 
Table 4. Total ICRS scores in patients with 
early or more established knee OA 
 Patients with 
Variable knee OA (n = 269)
 
Total ICRS score, n (%) 
    2 14 (5)
    3 48 (18)
    4 30 (11)
    5 28 (10)
    6 43 (16)
    7 34 (13)
    8 33 (12)
    9 26 (10)
    10   7 (3)
    11   5 (2)
    12   1 (0)
 
OA: osteoarthritis; 
ICRS: International Cartilage Repair Society. 
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arthroscopy for a meniscal tear. Patients categorized as having 
early or more established knee OA were generally older, had 
a higher BMI, and had meniscal tear patterns typically associ-
ated with knee OA. These characteristics are similar to those 
of patients who have recently been reported to experience no 
or marginal short-term effect of arthroscopic partial meniscec-
tomy compared to placebo surgery.
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